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(71) 3a?iBHTenb: 

noflMepHfleB Oner HnKOiiaeBMH, 

JlyHMH AHaTOJIMM HBaHOBMH, 

BoapcKMM Muxawn HDpbeBMH, 

\Of\HH BOPMC BaflHMOBMM, 

MoropbiHHbiM BnaflMMwp HBaHOBMH 

(72) H3o6peTaTenb: rioflHepH«eB Oner HMKonaeBMM, 

JlyHMH AHaTOJIMM HB3HOBMH, BoapcKMM M wxann 
KDpbeBWH, (Oa^h Bopnc Ba/^H mobhh , MoropbiHHbifi 
BnaflMMnp Hbshobhm , KoBaneHKO BnaflMMnp 
HMKonaeBMH 

(73) naTeHToo6naflaTerib: 
noAMepHfleB Oner HMKonaeBMH , 
JlyHMH AHaranMM MBaHOBMM, 
BoflpcKMM Mwxanji fOpbeBMH, 

lOflHH BOpMC BaflHMOBMM, 
MoropblHHblM BfiaflMMMp HB3HOBMM 



o 

00 

o 

CO 

o 



(71) 3aflBMTe/ib (npoA): 

KoBaneHKO BnaftHMMp HMKonaeBMM 

(73) naTeHTOo6jia£aTenb (npofl.): 

KoBaneHKO Bna^nMnp HMKonaeBMM 
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(54) 030H05E30nACHAfl PABOMAfl CMECb 

(57) Pe4>epaT: 

ripMM8HeHne; npeAnoweHa 
o30Ho6e3onacHafl CMecb, KOTopaa MOKeT 6bJTb 
ncnonb30BaHa b KaMeciBe paoonero Tena 
pecf»pM>KepaTopHbix cucTeM (PC) n TennoBbix 
HacocoB (TH). Pa6oMaq CMecb BicnKDHaeT: 
Teipacf>Top3TaH, ymeBOflopoA ^ HenpeAenbHbiki 
c|DTopnpoBaHHbiM ymeBOAopoA PHAa nponnneHa, 
MMeK)U4MCi cTpyKTypHyio cpopMyny BUAa 
C 3^^6-0), nae n MeHfleTCfl b npeAenax ot 1 
AO 6; npu cneAyfou^eM co Aep^a huh 
KOMnoHeHTOB b cMecu: Terpact)TOp3TaH or 1 ao 
94 moji.%, HenpeAeJibHbiPi cfyropMpoBaHHbiw 
ymeBOAopoA ot 1 ao 94 moji.%, ymeBOAopoA c 
mucjiom aTOMOB ymepoAa 3 - 5 ot 5 ao 80 
Mon.%. llpMMeHeHne Taicotf CMecu no3BonfleT 
cymecTBeHHO yBennMHTb yAenbHyio o6"beMHyfo 

npOM3BOAHTeribHOCTb npM HeM3MeHHOM 

3KcepreTMMecKOM Kflfl 14 nepenaAe AaBneHHfi b 
PC wnv\ TH. BMeore c T6M, wcnonb30BaHne 
TaKoro paoonero Tena AaeT B03MO>KHocTb 
noHH3MTb TewnepaTypy KuneHH* npu 



n36biTOMHOM AaBneHnn, HanpuMep, b 
pect>pn>KepaTopHbix cucTeiviax Huwe 250 K. 2 
3.n.<£>-nbi, 4 Ta6n., 2 nn. 
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HacTOflLijee nao6peTeHne othochtca k 
cocTaBy paoonnx cMecetf a^a 
pe<£pu>KepaTopHbix cnoreM (PC), a TaioKe 
TennoBbix HacocoB (TH) n npeAHa3HaneHo An* 
wcnonb30BaHHfl b ycraHOBKax ManoM 
n pon3 BOAHTen bHOCTH . 

H3BecTHa AByxKowtnoHeHTHafl aaeoTponHaa 
pa6ona5R cMecb, BKriKDHafOLuas 
1 ,1 ,2,2-TeTpacf>Top3TaH (R134) n 6yTaH 

pa3JlMHHblX MOHbHblX COCTaBOB [1] 

OflHaKO, 3Ta CMecb o6naflaer OTHOcnTenbHO 

HH3KOM 06"beMH0pi 

XOJ10AOnpOM3BOAHTeribHOCTbK) M HMeeT 

BbicoKyK) HOpManbHyio TevinepaTypy KuneHns, 
BcneACTBue nero b ncnapnTene PC npn 
TeMnepaTypax Hwwe 250 K o6pa3yeTca BaKyyM. 

H3BecTeH TaioKe AByxKOMnoneHTHbin 
nponenneHT n xnaAareHT, coAepwamntf 
TpncfrropnponnneH (C 3 H 3 F 3 ) n nponaH nnn 
3Tn/ieH, nnn H-oyTaH, nnn n3o6yTaH, nn6o nx 
CMecb [2] CoAep>KaHne TpnqbTopnponnneHa 
(R1243) cocTaBDfleT 1 91 Mac. CMecn. 

OCHOBHbIM HeAOCTaTKOM H3BecfHoro 

xnaAareHTa npn ncnonb30BaH nn b ero cocraBe 
nponaHa win sTuneHa b KanecTBe ymeeoAopoAa 
ffBJi^iOTCfl noBbiLueHHbie a6cojiK>THbie 3HaneHnfl 
AaBneHUH np^Moro n o6paTHoro iiotokob, hto 
Aenaer HeB03MO>KHbiM ero HenocpeACTBeHHoe 
ncno/ibsoBaHne b cymecTByioiAnx PC n TH. 
BuHapHbie CMecu E1243 c H-6yTaHOM nnn 
n3o6yTaHOM o6naAaHDT OTHOcnTenbHo hh3kom 
o6*beMHO^ xonoAonpoMSBOAHTenbHocTbio n 
oTHocHTsnbHo BbicoKon TeMnepaTypon" 
HopManbHoro kwighme. 

Han6onee 6nn3Kon" k npeAnaraeMOMy 
xnaAareHry no KOMnoHeHTHOMy cocrasy 
flBn«erc5R TpexKOMnoHeHTHaa paoonafl CMecb, 
coAepKaLL^a^ TeTpacfrropsTaH n yrneBOAopoAbi, 
npeACTaBneHHbie, HanpnMep, nponaHOM n 
4>Topnpon3BOAHbiMn MeTaHa n 3TaHa, t. e. 
cfnopupoBaHHbJMM yrneBOAopoAaMn, npn 
coAep)KaHMM TeTpacpTopsTaHa b pasnnMHbix 
npuMepax or 25 ao 95 Bee. [3] 

OAHaKO n 3TOMy xnaAareHTy npneyu^n 
HeAocraTKM, cB*3aHHbie c noBbiiueHHbiMn 
a6conK)THbiMn 3HaneHnflMn AasneHUM npHMoro 
n o6pai"Horo noTOKOB, hto 3aTpyAH^eT ero 
HenocpeACTBeHHoe ncnonb30BaHne b 
cyLAecTByiOLUMX PC n TH. 

TexHMMecKan 3aAana ( pewaeMafl 
M3o6peTeHneM coctomt b noBbuueHnn yAenbHon 
xonoAonpon3BOAMTeribHOCTM pa6onen" CMecu, a 
raioKe n noHn>KeHnn nopManbHon reMnepaTypbi 
KuneHHfi b HcnapnTene PC Hnwe 250 K. 

flocTaBneHHafl i^exib AocrnraeTcn TeM, hto b 
3OH06e3onacH0M xxiaAareHTe, coA©P>KameM Tpn 
KOMnoHeHTa: TeTpacjDTopaTaH, cjDTOpnpoBaHHbifi 
yrneBOAopoA n yrneBOAopoA c nncnoM aTOMOB 
yrnepoAa ot Tpex ao v\kt\a, b KanecTBe 
c(DTopnpoBaHHoro ymeBOAopoAa ncnonb30BaH 
HenpeAenbHbifi c^TopnpoBaHHbin' yrneBOAopoA 
p«A3 nponnneHa, nMefomnPi CTpyKTypHyto 
qbopMyny BHAa C 3 F n H (6 . n ), rAe n cocTaBnqeT 
ot oAHoro ao LuecTM, npn cneAyfomeM 
coAepxaHnn KOMnoHeHTOB: TeTpacjDTop3TaH 1 94 
won. HenpeAenbHbitf cfcrropnpoBaHHbin 
yrneBOAopoA 1 94 Mon. n yrneBOAopoA 5 80 
Mon. 

B npeAnoHTHTexibHbix npnMepax 

ocya^ecTBneHUfl H3o6peTeHn^ b KanecTBe 
ymeBOAopoAa MoxeT 6biTb ncnorib30BaHo nn6o 
HucToe BetAecTBO nponan, mjim nponnneH, nnn 

H-fyTBH, \AH\A M306yTaH, MJ1M H-neHTaH, MJ1M 

naoneHTan, jim6o 6nHapHa^ CMecb nponaHa m 
nponwneHa t nnn H~6yTana n M3o6yTaHa, v\nv\ 
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H-neHTana m n3oneHTaHa, nnoo unbie 
yrneBOAopoAbi c cooTBeTCTByKDiAHMki 
TejvmepaTypaMn KuneHM^, npn stom 
npeAnoHTMTeribHo m Heo6xoAHMO, HTo6bi npn 
ncnonb30BaHMH 6uHapHbix CMecePi pasnnHHbix 
yrneBOAopoAOB npn nio6oM B33hmhom 
coAep>KaHnn nocneAHnx b civiecflx, o6LAee hucjio 
MoneCi ymeBOAopoAHbix KOMnoHeHTOB 
cooTBeTCTBOBano MoribHOMy cocTasy 
ymeBOAopoAa b pa6oMeki cwecu, yKaaaHHOMy 

BblLlie. 

ripen wy mecTBa npeAnaraeMbix pa6oHnx 
cMecePi 6yAyT 6onee noApo6HO noKa3anbi na 
cneAyfoiAMX nn>Ke np^MepoB sax 
npeAnoHTHTeribHoro ocyiAecTBneHnfi, OAHaKO 
3tm npnMepbi He orpannHnBaKUT cymecTBO n 
o6"beM n3o6peTeHna, pacKpbiTbie b npnBOAHMofi 
Hn>Ke cfiopMyne. 

ripnMep 1. HpeAnaraeMyKD pa6oMyK) CMecb 
roTOBAT BecoBbiM cnoco6oM. Ka>KAblM 

KOMnOHeHT CMeCM XpaHfIT B OTAeribHOM 

oannoHe. noonepeAHo Ka>KAbiPi H3 GannoHOB 
noAcoeAMHHiOT k CTeHAy m b o6lahw pecnBep 
BbinycKatoT TaKoe KoriHHecTBO KOMnoHeHTa, 
Macca KOToporo cooTBeTCTByeT 3aAaHHOMy 

KOJIMHeCTBy 3Toro KOMnOHeHTa 
npoi4eHTax b pa6oHetf cMecn. 
BHaHane b pecnBep 

BblCOKOKHnfllAMkt KOMnOHeHT, y 

AasneHne Hacbiii\eHHfl npn 
TeMnepaType HanMeHbiuee, 



B MOflbHblX 

BbinycKatOT 
KOToporo 
AaHHOki 
a nMeHHo 



yrneBOAopoA- 3aTeM AoSaBn^HDT KOMnoHeHTbi c 
6onee hh3koPi HopManbHoPi reMnepaTypoPi 
KnneHnfl (Th.k.) \a, cooTBeTCTBeHHo, 6onee 
BbicoKMM AaBneHneM napoB. B cooTBeTCTBnn c 
Ta6n.1, 2 BHanane 3anpaBn?iK)T nn6o 
TeTpacfrropsTaH, nn6o HenpeAenbHbiPt 
4)TopnpoBaHHbin yrneBOAopoA pnaa nponnneHa, 
Bbi6npan KOMnOHeHT c 6onee BbicoKoP^ 
TeMnepaTypoM Kunenna. 

ripnMep 2. Ecnn b KanecTBe ymeBOAopoAa 
ncnonb3yeTCfl nponaH nnn nponnneH, to 
nopaqoK 3anpaBKn MSMeH^eTCfl. nepBbiMM b 
pecnBep BbinycKaioT nn6o TeTpac$)Top3TaH, nn6o 
HenpeAenbHbiP) q^TopnpoBaHHbiPi yrneBOAopoA 
p^Aa nponnneHa (Ta6n.1), Bbi6npaii KOMnOHeHT 
c 6onee BbicoKotf TeMnepaTypoPi KnneHuia. A 

3aTeM AOOaBJIflfOT Hk!3KOKHn«lAHM KOMnOHeHT 

yrneBOAopoA- 

MuHMMa/ibHoe (5% ) n MaKctiManbHoe (80%) 
coAep>KaHne ymeBOAopoAa b cm ecu 
onpeAenneTCfl M3 ycnoBnjR MaKcnManbHo 
bo3Mo>khoPi yAenbHon o6"beMHOM 

xonoAonpon3BOAHTeribHocTn CMecn npn 
BKJiHDHeHnn b ee cocTaB b KanecTBe 
BbicoKOKwnflinero ymeBOAopoAa, Hanp^Mep 
H-neHTaHa t n HH3KOKnn5Rinero ymeBOAopoAa, 
HanpnMep nponaHa (cf>nr.1, 2). MaKcnMyM 
yAoribHo^ xonoAonpoM3BOAHTenbHOCTn b 
CMecHx Tuna TeTpaqt>Top3TaH-HenpeAeribHbiPi 
c{)TopyrneBOAopoA BMAa C 3 F n H ( ^ n )-ymeBOAopoA 
o6"b^cHfleTcsq HannnneM KBasnaaeoTponHbix 
cocTaBOB. Hpn pa6oTe Ha TaKnx CMecHx 
noBbiiuaeTCfl AaeneHne Ha BcacbiBaHnn n 
nnoTHOCTb xnaAareHTa Ha BxoAe b KOMnpeccop, 
hto, b cbok) onepeAb, npnBOAnT k yBennneHnfo 
xo/ioAonpon3BOAHTe/ibHOCTn PC nnn TH npn 
Hen3MeHHOM 3KcepreTMHecKOM Kn/4. 

B3anMHoe coAep>KaHne b cMecn 
TeTpacfcTopsTaHa n 4)TopymeBOAopoAa B^Aa 
C 3 F n H (6-n) Bbi6npaeTCJR us yneTa MaKcnMaribHoPi 
3HepreTHHecKofl sc^qbeKTnBHocTn npn 3aAaHHoP^ 
o6"beMHOM xoj-iOAonpon3BOAHTenbHocTM. 

Bbi6op cocTasa TpexKOMnoneHTHoro 
pa6oMero rena b yKasaHHOM Bbtuje nHTepBane 
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ocyujecTBrmeTCH tskum oopa30M, HTo6bi Ha 
Tpe6yeMOM TeMnepaiypHOM ypoBHe b 
ncnapMTene AaBneHne b h©m He 6bino MeHbiue 
aTMOcxf>epHoro. ftna npoBepKW ncnonb3yK>TCfl 
AaHHbie no 4>a30BOwy paBHOBecwfO cMecn. 

Hcnonb30BaHi/ie b pa6oMefi CMecu 
Terpacf)Top3TaHa h HenpeAeribHoro 

0TopymeBOAopoAa BUAa C3F n H(6_ n ), HMeiomux 
OTHocnTe/ibHo HH3Kne HopManbHbie 

TeMnepaTypbi KuneHUfi (Ta6n. 2, 1), no3BormeT 
noHU3kiTb TeMnepaTypy KwneHna pa6oMetf CMecu 
HWKe 250K n npu stom H36e>KaTb BaKyyMa b 
ncnapMTene PC. 

BMecre c Tew, yBeni/MHBaeTca yAenbHafl 

06"beMHafl XOJ10flOnpOM3BOAMTeJlbHOCTb CMecu 

npu HeM3MeHHOM 3KcepreTHHecKOM Kllfl PC. B 
Taeniae 3 npuBeAenw cpaBHMTenbHbie 
xapaKTepucTMKn oAHOcTyneHHaTotf PC 6e3 
perenepaLtuM, pa6oTaiomefi Ha TpaAHUMOHHOM 
xnaAareHTe R12, 1 ,1 ,2,2-TeTpaqt>Top3TaHe 
(R134a), CMecu R134-6yTaH (aHanor) \a 
npeAnaraeMOM paooHefi CMecu, npn 
ncnorib30BaHHM b ee cociaBe 

1,1,1 ,2-TeTpacf)Top3TaHa (R1 34a) n 

TpuctnopnponmieHa (R1243). XapaKTepucTMKH 
npMBeAeHbi aha ycnoBuPi pa6oTbi Majibix 
pecppn>KepaTopoB: TeMnepaTypa KOHAeHcaL^nn 
Tk=313K (+40°C), TeMnepaTypa KuneHM^ 
Tm=250 K (-23°C). 

B Ta6n. 4 npuBeAeHbi aHanornMHbie 
xapaKTepMCTMKid atih TeopeTunecKoro unKna 
OAHOCTyneHMaroi^ napo>KHAKocTHotf PC c 
pereHepau^etf. CTeneHb pereHepai^nn 



np^HMManacb paBHotf 20 K. 

H3 Ta6nni4 bhaho, mto npeAnaraeMafl 
pa6oMafl CMecb o6naAaeT 6onbiuePi no 
cpaBHeHMio c npoTOTunoM o&beMHotf 

XOnOAOnpOH3BOAHTeJlbHOCTbK) npH HeH3MeHHOM 

5 SKcepreTunecKOM Kllfl m nepenafle AaBneHwtf b 

PC. 

CDopMyna H3o6peTeHnq: 

1 . 030Ho6e3onacHa* pa6oHa* CMecb, 
coAep>KaLL4afl Tpn KOMnoHeHTa b BHAe 

10 TeTpacfcnropsTaHa, qVropupoBaHHoro 

ymeBOAopoAa \a ymeBOAopoAa c hhcjiom 
aTOMOB yrnepoAa ot 3 «o 5, OTnunaioL^aflCH 
TeM, mto b KanecTBe qbTopupoBaHHoro 
ymeBOAopoAa ncnonb30BaH HenpeAenbHbitf 
4)TopnpoBaHHbiM ymeBOAOpOA p*Aa nponnneHa, 
15 HMeHDiAMPi CTpytcrypHyio qtopMyny C 3 F n H(g_ n ) 
rAe n cocTaanfleT ot 1 ao 6, npu cneAy^oujeM 
coAep>waHHM KOMnoHeHTOB b CMecu, Mon. 
TeTpact)Top3TaH 1 94 
HenpeAeribHbiM cjDTopupoBaHHbiPi 
20 ymeBOAOpOA 1 94 

Vrn eBOAopoA 5 80 

2. CMecb no n.1, OTnnMaK>maflCfl TeM, mto b 
KanecTBe ymeBOAopoAa ncnonbsOBano MMCToe 
BeiAecTBO nponaH nnn nponnneH, \ah\a H-6yTaH, 
unw M3o6yTaH, nrin H-neHTaH, nnn H3onem-aH. 

25 3. CMecb no n.1, OTnuHaMDU^aflCH TeM, mto b 

KanecTBe ymeBOAopoAa ncnonbsoBaHa 
6nHapHa?i CMecb nponaHa u nponnnena, utim 
H-6yTaHa u H3o6yTaHa, unu H-neHTaHa n 
M3oneHTaHa. 
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HenpeAe/ibnue (J>TopnpoBaHHbie yr/ieBOAOpOAbi p*Aa nponmienia 



T a 6 n i/i u a 1 





\^ i pyK lypndH <pop w 
My/ia 


TeMnepaTypa Hop- 
Ma;ibHoro Kune- 

HM«, K 


KpiiTMHecKas TeM- 
nepaTypa, K 


KpMTMHecKoe Aas~ 
zieHwe, aTM 


R1216 


CF 3 CF=CF 2 


244,1 


359,2 


31,0 


R1225 


CF3CH-CF2 


252,5 


380,6 


37,8 


R1234 


CH2-CFCF3 


244,9 


370,4 


33,1 


R1243 


CF3CH-CH2 


247,7 


378,2 


37,5 


R1252 


CF 2 =CHCH3 


245,2 


378,3 


39,4 


R1261 


CH 2 =CFCH 3 


249,2 


388,7 


42,9 



Ta6/ini;a 2 



BeunecTBO 


TeMnepaTypa Hop- 
Ma/ibHoro Ki/ineHi/m, 
K 


KpnTunecKafl TeMne- 
paTypa, K 


KpnTunecKoe Aae/ie- 
Hue, aTM 


1,1,2,2-TeTpa<t)Top3TaH (R134) 
1,1,1,2-TeTpat|>TOp3TaH (R134a) 


253,7 
246,7 


383,4 
373,8 


37,2 
40,0 



Ta6/inqa 3 



o 



X/iaAareHT 


AaB/ieHwe o6paT- 
hoto noTOKa, aTM 


CreneHb cxainn 


06b6MHafl xo/10- 

A0np0H3BOAH~ 
Te/1bHOCTb, 

k£>k/m 3 


SiccepreTHHe- 
ckhw Knfl, % 


R12 


1.3 


7,3 


830 


25 


R134a 


1.2 


9,0 


758 


22 


R 134 (0,66)- 
n3o6yTaH (0,34) 


1,1 


8,3 


687 




22 


R134a (60nioji.%)- 
R1243 (10 Mon. %)- 
M3o6yTaH (30 mo/i. %) 


1.5 


7,7 


843 


22 



o 
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T a 6 /i h li a 4 



X/ia/jareHT 


A3B/ieHMe o6paT- 
Horo noTOKa, stm 


CreneHb OKa™n 


06i>eMHafl xo/io- 

AOnpOH3BO/lM- 
Te/lbHOCTb, 


3KcepreTMHe- 
ckuA KHfl,, % 


R12 


1,3 


7 f 3 


847 


25 


R134a 


1,2 


9,0 


782 


23 


R134 (0,66)- 
M306yT3H (0,34) 


1,1 


8,3 


717 


23 


R134a (60mo/i.%)- 
R1243 (10 Mon. %> 
n3o6yraH (30 mo/i. %) 


1,5 


7,7 


889 


23 | 
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